3D Modelling and Simulation of Rechargeable Zinc-Air Cells by Schmitt, Tobias et al.
14th Symposium on Fuel Cell and Battery Modelling and Experimental Validation – ModVal 14 
Abstract for oral presentation 
 
3D Modelling and Simulation of Rechargeable Zinc-Air 
Cells  
 
Tobias Schmitt*1,2,3, Birger Horstmann1,3, Arnulf Latz1,2,3  
1 German Aerospace Center (DLR), Institute of Technical Thermodynamics, Stuttgart, 
Germany 
2 Ulm University, Institute of Electrochemistry, Ulm, Germany 
3 Helmholtz Institute Ulm, Ulm, Germany 
*Presenting author, email: tobias.schmitt@dlr.de, Tel.: +49 (0)731 5034 320 
 
 
Metal-air batteries offer high energy densities and use abundant materials, which makes them 
attractive candidates for next-generation energy storage. Zinc-air batteries in particular are 
cheap to produce, non-toxic, and environmentally friendly. Potential applications lie in the fields 
of electro-mobility, portable electronics, and stationary grid storage. Up to now, only primary 
cells have been commercialized and further research is required to surpass lithium ion 
batteries on the rechargeable battery market.  
In this contribution, we present three-dimensional modelling and simulation of rechargeable 
zinc-air batteries. Metal-air batteries are typically modelled along a single dimension 
connecting anode and cathode [1]. We develop a fully three-dimensional model of zinc-air 
batteries based on our one-dimensional model of primary zinc-air button cells [2]. Our model 
is capable of predicting full charge and discharge cycles. Local volume averaging is employed 
to describe nano-sized phase boundaries between gaseous, liquid, and solid phases and 
macro-sized battery cells in a single simulation [3]. Diffusion, migration and convection of all 
species are the relevant transport mechanisms; the electrolyte is locally electroneutral and 
incompressible [4]. We model thereby the reactions of zinc dissolution, zinc oxide precipitation 
and oxygen and carbon dioxide dissolution. Our numerical implementation is done in the 
software BEST [5]. It deploys a finite volume method with a non-equidistant Cartesian grid. We 
model an alkaline potassium hydroxide solution as electrolyte, which contains K+, OH-, 
Zn(OH)42-,CO32- and dissolved O2. We focus on optimizing  performance and cycle-life of the 
cells with a detailed study of distinct geometries and porosities of the electrodes. Our model is 
thereby validated by comparisons with recent and ongoing experiments with specially 
designed zinc anodes providing an exactly known geometry. 
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